It is shown that the wave function describes the state of the statistical ensemble E [S] of individual particles, or the statistical average particle S . This result follows from the fact that in the classical limith = 0 the Schrödinger equation turns to the dynamic equations for the statistical ensemble of classical particles. The idea that the wave function describes the state of an individual particle is incompatible with this result. Paradox of the Schrödinger cat and other paradoxes of the wave function reduction are freely explained, as soon as we accept that the wave function describes the state of the statistical average particle S .
Introduction
There are two different opinions about what is the quantum particle S q , whose state is described by the wave function ψ. Is the quantum particle S q an individual particle S, or is it a statistical ensemble E [S] of particles S? In the conventional Copenhagen interpretation [1] of quantum mechanics S q = S, whereas in another version, what is known as statistical interpretation [2] , S q = E [S].
Solution of this problem is not a question of a belief. This question can be solved on the foundation of the correspondence principle. If in the classical limit the quantum particle S q turns into a classical particle S, the quantum particle S q is an individual particle S. If in the classical limit the quantum particle S q turns into a statistical ensemble E [S] of classical particles, the quantum particle S q is a statistical ensemble of particles. Such a statement of the problem is quite evident. But why is it not stated before in such a form? Apparently, because the most researches believe that the wave function is a specific quantum object, and it is meaningless to speak on the wave function in the classical limith → 0. They believe that the wave function can describe neither individual classical particle, nor statistical ensemble of classical particles. In fact, the wave function is not a specific quantum object. The wave function is a description manner of the ideal fluid (or the continuous dynamic system) [3] .
In the present paper we show that the dynamical system, associated with the quantum particle S q and described by the wave function ψ, turns into the statistical ensemble of classical particles in the limith → 0. It shows that the quantum particle S q is the statistical ensemble, but not a single particle.
The number N of particles S constituting the statistical ensemble E [N, S] is supposed to be large enough, and the properties of the statistical ensemble do not depend on the number N of its elements S. As far as properties of the statistical ensemble do not depend on N, we can set formally N = 1 and introduce the concept of the statistical average particle S = E [1, S], which is by definition the statistical ensemble normalized to one particle. Although the number N of particles in S = E [1, S] is equal to 1, the statistical average particle S is the statistical ensemble, and S has properties of the statistical ensemble. In particular, S has infinite number of degrees of freedom.
The statistical ensemble E [N, S] (N → ∞) of N particles S is the dynamical system, whose action is A E[N,S] . The statistical average particle S is the dynamic system, whose action A S . The actions A S and A E[N,S] are connected by the relation
Thus, we can speak about the statistical average particle S instead of the statistical ensemble E [S]. Besides, the statistical average object may have properties which are alternative for individual objects, and this property is a statistical property, but not a special quantum property. For instance, the statistical average habitant of a country is a hermaphrodite (half-man -half-woman), whereas any individual habitant of the same country is either a man, or a woman. If the quantum particle S q is the statistical average particle S , it can pass through two slits simultaneously, whereas the individual particle S can pass only through one of slits, and there is nothing mystic in this fact. If the Schrödinger cat is the statistical average cat , it may be dead and alive simultaneously, although the individual cat may be either alive, or dead.
At the same time because of normalization to one particle the statistical average particle S may be perceived as a diffuse individual particle. The energy-momentum vector P k of S , considered as a dynamic system, may be associated with the energy-momentum P k of the individual particle S. The same concerns the angular momentum and other additive quantities.
2 Transformations of the action for the quantum particle S q .
The free quantum particle S q is the dynamic system, whose state is described by the wave function ψ, and the action has the form
Dynamic equations have the form
With the action A Sq [ψ, ψ * ] of the quantum particle the following canonical quantities are associated:
where L is the Lagrangian density for the action (2.1)
Meaning of the canonical quantities ρ, j, T k l can be obtained by means of the correspondence principle from the meaning of these quantities in the classical limit h → 0.
Note that we may not seth = 0 in the action (2.1) and in the expression for the canonical quantities (2.6) -(2.9), because in this case we obtain no description of the dynamical system S q . Before transition to the classical description we should transform the phase of the wave function ψ. We make the change of variables
where b 0 = 0 is some real constant. After this change of variables the action (2.1) turns to
The dynamic equations take the form
The relations (2.6), (2.7) take the form
Expressions for other component of the energy-momentum tensor are rather complicated, and we do not write them. The action (2.11) describes the same dynamic system S q as the action (2.1) at any value of the constant b 0 = 0, because it is obtained from the action (2.1) by means of a change of variables. Now dynamic equations (2.12) for the wave function Ψ are nonlinear, but the description of the quantum particle S q is conserved at h = 0.
Dependence of the wave function Ψ on the arbitrary constant b 0 is connected with the fact that the wave function is some kind of complex potential. The wave function is a potential in the sense that the same physical state of the dynamic system S q may be described by different wave functions. The electromagnetic potentials A k , k = 0, 1, 2, 3 have the same property, because the state E, H of the electromagnetic field determines the electromagnetic potential within the gauge transformation. Corresponding gauge transformation for the wave function exists also, but it is more complicated, than that for electromagnetic potentials [3] . In the given case the constant b 0 is one of parameters of the gauge transformation for the wave function.
The action (2.1) is written in such a gauge, where b 0 =h. In this case the dynamic equation is linear and the quantum principles are fulfilled. But this gauge is unsuccessful from the viewpoint of transition to the classical limit. Any other gauge b 0 =h is succesful from viewpoint of transition to the classical limit, but it is unsuccessful from viewpoint of quantum principles, because the dynamic equation (2.12) is nonlinear in this case. Settingh = 0 in relations (2.11) -(2.15), we obtain a classical approximation of the quantum particle S q description. We obtain
We obtain the action
and dynamic equations
Note, that the dynamic equations (2.19) as well as the transformation (2.10) of the wave function phase are well known (see for instance [4] , Sections 17 and .6 respectively). One has shown that quantum description turns to classical one at h → 0. However, the question what object (an individual classical particle, or a statistical ensemble of classical particles) is described by these equations was not considered.
We are going to show that the action (2.16) is the action for the pure statistical ensemble E [S cl ] of free classical particles S cl , but not the action for one classical particle S cl . If we show this, it means that the wave function ψ describes the statistical average particle S (or statistical ensemble of classical particles), but not an individual particle S. The action for the free classical particle has the form S cl :
A 
Discussion
Thus, it has been shown that the quantum particle S q is the statistical average particle S , and the wave function describes statistical average particle S , but not the individual particle S. The statistical average object S may have alternative properties of individual objects S, and this property is a general property of statistical description, but not a specific quantum property.
Identification S q = S eliminate all problems connected with the interpretation of the wave function reduction. The correct interpretation is connected with the correct interpretation of the concept of the measurement. The mathematical technique of quantum mechanics deals only with the statistical average particles S , and all predictions of quantum mechanics have a probabilistic (statistical) character. The quantum technique can predict distribution F (R) of the quantity R at the state ψ, or the probability w (R) of the quantity R at the state ψ. Validity of the prediction can be tested by the measurement. But this experiment is the massive experiment (M-measurement), i.e. a set of many single measurements (Smeasurements), because neither distribution F (R), no the probability w (R) can be measured by means of a single measurement of the quantity R. Thus, measurement in quantum mechanics is the M-measurement, consisting of many S-measurements.
Even if at the state ψ the quantity R has the unique value R ′ , the quantum mechanics predicts that the measurement gives the value R ′ of the quantity R with probability equal to 1. It means that the δ-like distribution is predicted, but not the value R ′ of the measured quantity R. To test the prediction, we are to test whether the probability w (R ′ ) = 1 (but not whether the measured value of the quantity R is equal to R ′ ). To test the distribution w (R) = δ (R − R ′ ), we are to carry out a set of many S-measurements (i.e. M-measurement), but not a single measurement of the quantity R.
Influence of the M-measurement on the wave function ψ of the measured system (particle) is known as a reduction of the wave function. In the case, when the unique value R ′ of the measured quantity R is obtained, the M-measurement is called a selective M-measurement (or SM-measurement). In general, we can obtain the unique value R ′ , only if the M-measurement is accompanied by a selection. Only those elements of statistical average particle S (or the statistical ensemble E [S]) are chosen, where the measured value of the quantity R is equal to R ′ . As a result the chosen elements of S form a new statistical ensemble (or a new statistical average particle), whose state is described by another wave function ψ ′ . Transformation ψ → ψ ′ is a reduction of the wave function. This reduction is conditioned by the selection of the statistical ensemble elements. There is no mysticism in such a reduction, because its origin is quite clear. But if we consider the selective quantum measurement as a single measurement, where a selection is impossible, the reduction of the wave function looks as a mystic procedure which accompanies the quantum measurement. Thus , the statement that wave function describes the statistical average particle S , (but not the individual particle S) is a crucial statement in the explanation of the wave function reduction.
If in the M-measurement of the quantity R the measured value is fixed by the measuring device, but the selection is not produced, the reduction of the wave function is also takes place, but in this case the reduction has another character. In this case the elements of the statistical ensemble E [S], where the measured value of the quantity R is R i , form a statistical subensemble E i [S]. These subensembles evolve with different Hamiltonians depending on the value R i . As a result the statistical ensemble E [S], whose state is described by the wave function ψ turns to the set of statistical ensembles E i [S], taken with the statistical weight (probability) w (R i ). In this case the wave function reduction leads to a transformation of the pure state (wave function) into a mixed state (the density matrix). If instead of the M-measurement we consider a single measurement, the wave function reduction appears to be a mystic procedure, because the selection cannot be carried out in a single measurement. Again the statement that wave function describes the statistical average particle S , (but not the individual particle S) is a crucial statement in the explanation of the wave function reduction.
Thus, by means of formal mathematical transformations we have shown that the quantum particle S q is the statistical average particle S . Hence, identification of the quantum particle S q with the individual particle S is incompatible with the quantum mechanics technique.
Appendix A. Transformation of the action
Let us transform the action (2.23) to the form (2.18). Instead of the independent variable t = x 0 we introduce the variable ξ 0 , and rewrite the action (2.23) in the form
where ξ = {ξ 0 , ξ} = {ξ k }, k = 0, 1, 2, 3, x = x k (ξ) , k = 0, 1, 2, 3. Here the variable x 0 is fictitious. Here and in what follows, a summation over repeated Greek indices is produced (1 − 3).
Let us consider variables ξ = ξ (x) in (A.1) as dependent variables and variables x as independent variables. Let the Jacobian
be considered to be a multilinear function of ξ i,k . Then
After transformation to dependent variables ξ the action (A.1) takes the form
We introduce new variables
Note that according to (A.3), the relations (A.5) can be written in the form
ρ ≡ ∂J ∂ξ 0,0 (A.7) It is clear from (A.7) that j k is the 4-flux of particles, with ρ being its density.
Variation of (A.6) with respect to ξ i gives δA δξ i = −∂ l p k ∂ 2 J ∂ξ 0,k ∂ξ i,l = − ∂ 2 J ∂ξ 0,k ∂ξ i,l ∂ l p k = 0, i = 0, 1, 2, 3 (A.8)
Using identities ∂ 2 J ∂ξ 0,k ∂ξ i,l ≡ J −1 ∂J ∂ξ 0,k ∂J ∂ξ i,l − ∂J ∂ξ 0,l ∂J ∂ξ i,k (A.9) ∂J ∂ξ i,l ξ k,l ≡ Jδ i k , ∂ l ∂ 2 J ∂ξ 0,k ∂ξ i,l ≡ 0 (A.10) one can test by direct substitution that the general solution of linear equations (A.8) has the form p k = b 0 2 (∂ k ϕ + g α (ξ) ∂ k ξ α ) , k = 0, 1, 2, 3 (A.11)
where b 0 = 0 is a constant, g α (ξ) , α = 1, 2, 3 are arbitrary functions of ξ = {ξ 1 , ξ 2 , ξ 3 }, and ϕ is the dynamic variable ξ 0 , which ceases to be fictitious. Let us substitute (A.11) in (A.6). The term of the form ∂ k ϕ∂J/∂ξ 0,k is reduced to Jacobian and does not contribute to dynamic equation. The terms of the form ξ α,k ∂J/∂ξ 0,k vanish due to identities (A.10). We obtain where p k is determined by the relation (A.11).
In the case of the irrotational flow, when the functions g α = 0, α = 1, 2, 3 in (A.11) we obtain instead of (A.14)
The action (A.15) coincides with the expression (2.18), obtained as a classical approximation of the action for the Schrödinger equation.
